Generation of Intestinal Organoids Suitable for Pharmacokinetic Studies from Human Induced Pluripotent Stem Cells.
Intestinal organoids morphologically resemble intestinal tissues and are expected to be used in both regenerative medicine and drug development studies, including pharmacokinetic studies. However, the pharmacokinetic properties of these organoids remain poorly characterized. In this study, we aimed to generate pharmacokinetically functional intestinal organoids from human induced pluripotent stem (iPS) cells. Human iPS cells were induced to differentiate into the midgut and then seeded on EZSPHERE plates (AGC Techno Glass Inc., Shizuoka, Japan) to generate uniform spheroids, and the floating spheroids were subsequently differentiated into intestinal organoids using small-molecule compounds. Exposure to the small-molecule compounds potently increased the expression of intestinal markers and pharmacokinetic-related genes in the organoids, and the organoids also included various intestinal cells such as enterocytes, intestinal stem cells, goblet cells, enteroendocrine cells, Paneth cells, smooth muscle cells, and fibroblasts. Moreover, microvilli and tight junctions were observed in the organoids. Furthermore, we detected not only the expression of drug transporters but also efflux transport activity through ABCB1/MDR1 and the induction of the drug-metabolizing enzyme CYP3A4 by ligands of nuclear receptors. Our results demonstrated the successful generation of pharmacokinetically functional intestinal organoids from human iPS cells. Thus, these intestinal organoids could be used as a pharmacokinetic evaluation system in drug development studies.